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•project narrative 

Part 4-a SCIENTIFIC AND TECHNOLOGICAL MERIT 
Project Idea: 

A major obstacle to the early stages of drug discovery is smarter lead compound 
optimization. We propose to develop an integrated solution that markedly shortens the 
drug discovery process by improving the decision making steps culminating with a 
selection of the most qualified lead compounds based on a miniaturized live-cell-based 
screening platform using novel fluorescent eagineered biosensors. 

We propose a platform that integrates several technologies that, imtil now, have been 
considered disparate and essentially unrelated. We will create a system wherein 
microairays of selectively localized living cells, which contain engineered fluorescent 
biosensors, serve to integrate ultrahigh throughput screening (>1 00,000 compounds per 
day) and high-biological content screening onto a single platform. The high-biological 
content information obtained from probing target activity at a sub-cellular and molecular 
levels provides temporal-spatial dynamics of the drug-target interaction within each 
living cell. We believe that our revolutionary platform incorporating lead compound 
optimization assays that are automated, miniaturized, and infonna.tion-rich will fulfill the 
need that the pharmaceutical industry has to dramatically improve their decision making 
process as well as their need to optunize lead compounds during the early part of the drug 
discovery process. Furthermore, we envision the shift of the industry away from isolated 
drug targets and the use of radioactive tracers toward the production and screening of 
comhinatorial libraries containing millions of compoimds using living organisnos as test 
beds. Therefore, we view this shift as an opportunity to establish a new paradigm for 
drug discovery based on a marriage between fluorescence technology, micropatteming of 
iiving cells, automated optical detection and data analysis, and a new generation of 
bioinformatics approaches. 

The technology developed through the proposed work will have a &r reaching impact 
spanning the fields of drug discovery, biomedical research, environmental monitoring, 
and clinical diagnostics. The integrated platfomi with miniaturized organ-specifrc 
microarrayed cells capable of providing sub-cellular spatio-temporal information in 
response to drug-cell, toxin-cell, or pathogen-cell interactions will serve to enhance flae 
decision making process in drug discovery, threat detection, and clinical diagnostics. 

Innovation: 

Bottlenecks in Earlv Drue-Diseoverv 

Drug discovery can now be categorized as a scries of processes that can be measured by 
the number of candidates identified in a given period with a dejQned level of resources. 
Productivity and speed become critical discovery performance metrics. The discovery 
process is now typically defined as being composed of four distinct, yet related, 
processes: (1) Target Identification/Validation, (2) Lead Identification, (3) Lead 
Optimization, and (4) tJiscovery/Developmcnt Interface. Early drug discovery 
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'encon^aises the first three of these processes. The successes in Target Identification due 
to the application of DNA sequencing and genomic databases have created serious 
bottlenecks downstream in the drug discovery pipeline (Figure J). These constrictions 
exist at Target Validation, Lead Identification ftat includes ultra-high throughput 
screening (UHTS), and Lead Optimization. The pharmaceutical industry has eased some 
of these bottlenecks in Target Identification and Lead Identification by employing a brute 
force approach "using UHTS and combinatorial chemistry with newly developed higher 
throughput tools. The critical constrictions at Target Validation and Lead Optimization 
still exist and can only be addressed by developing novel solutions to provide high 
content, or deep biology, information &om live cell-based systems. Automation to speed 
and increase the volxmie of samples tested and data generation is alone insufficient to 
optimize the identification of lead compounds at the end of the early discovery pipeline 
prior to evaluation in animal models. 

One of these critical bottlenecks. Lead Optimization begins with the identified "hits" 
from UHTS and focuses on the construction of a limited mmiber of structural variations 
of the "hit" molecule coupled to biological evaluation for improvements in specificity, 
activity, selectivity and potency criteria. The rate at which "qualified leads "can be 
successfully generated from this process is dependent on the integration of chemical and 
biological data on each newly synthesized compound. Reduction in the time devoted to 
Lead Optimization can only be reduced by decreasing the number and length of feedback 
loops between chemists and biologists during analog synthesis and secondary biological 
testing. 

Industry analysts have predicted that the pharmaceutical industry will need to increase the 
number of products laimched by four fold to at least 24 to 36 drugs per aimum earning 
more than $1 million dollars to achieve the forecasts for growth in global sales of 7% 
annually. The industry has reduced the average drug development project from 1 2 years 
to 8 years and is currently assessing and incorporating technologies that will reduce tius 
to a period of 4 years in the future. With these reductions in development project 
duration, the drug discovery process becomes &e major time consuming component of 
the entire drug discovery and development process. This feet requires that increases in 
efficiency aitd effectiveness be achieved to realize the promise of more interesting 
targets. Easing the bottleneck at Lead Optimization with technology capable of 
providing high content biological data for chemical compound evaluation can help 
achieve the target of reducing Lead Optimization from a process taking 24-36 months to 
a period of 12-18 months. 
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Figure 1. Critical bottlenecks in the 'drug discoveiy pipeline' can potentially lead to pooiiy qualified lead 
compounds being tested in animal models. 

State of the art in earlv drug discovery 

Radioactive assays and solution based fluorescence assays have dominated tiie primaiy 
screeaoing phase of candidate compounds. These assays provide only limited infoimation 
on the potency, and specificity of the candidate confounds because drug target activity is 
assessed using isolated sub-cellular components and not whole cells. Secondary 
screening in the candidate optimization phase may involve living cells that provide an 
average response that is either a fluorescence or radioactive read-out assay. These live 
cell assays provide an averaged population response from cells in 96 / 384 / 1536 
microtitw plate to screen for target activity and cellnlar toxicity of the test compounds. 
The "hits" from these assays serve as binary indicators of the potency, target activity, 
toxicity, and bioavailability of test compounds leading to their classiJScation as "lead 
compounds" for safety, toxicity, and efficacy testing in animal models. The absence of 
deep fUnctionallmowledge generation at the candidate optimization state, obtainable by 
the use of sophisticated, multi-color fluorescence cell based assays providing critical sub- 
cellular spatio-temporal target activity information, may result in "poorly qualified hits" 
being moved downstream into the animal testing phase. The brute force approach 
adopted by the pharmaceutical industry to deal with the dramatic increase in the size of 
chemical libraries is to employ ultra high throughput screening. However, this has only 
lead to a higher number of "poorly qualified hits" being passed down the pipeline 
towards expensive in vivo animal studies. In addition to UHTS or HTS it is therefore 
vital to provide a rich array of in vitro living cell based assays that provide "deep 
biology" on the specificity, toxici^, bioavailability, and potency of the candidate 
compound leading to better decision making in selecting the most optimum compounds 
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as lead compounds for further safety and efficacy testing in animal models.' This will 
greatly reduce the number of "poorly qualified hits" that find their w^ay to animal testing 
before being quaKfied as "poor compounds". The optimization of "hits" and their 
classification into "highly qualified hits" or "poorly qualified hits" through Uve ceU based 
assays that provide high content information will profoundly reduce the cost, time and 
ethical issues associated with extensive and unnecessary animal studies. 

We propo se a New Paradimi in Drug-Discovery 

It is our perspective that a 4 pronged approach to smarter diug-discovery is needed to 
increase productivity by impacting the target vaUdation and lead optimization points in 
the pipeline: ^ *^ 

1) High Content Screening based deep biology information obtained firom novel 
multi-parameter cell-based assays using advanced fluorescent protein 
biosensors. These novel assays wiD provide spatial and temporal information 
of target activity ra, on and between cells. These assays used in conjunction 
with the state-of-the-art "averaged" cellular response assay will enable 
harnessing deep biology information to enable classification of "hits" into 
"highly-qualified" or "poorly-qualified". 

2) Miniaturization of the live cell-based platform using novel microanying 
techriiques. Shrinking the cell-based screening platform onto a "chip" will 
enable generation of a combined UHTS and HCS platform thus increasing the 
speed and efficiency of data capture while reducing reagent volume and 
associated costs. Furthermore, developing "chips" microarrayed with organ 

, specific cells leadmg to "organchips" wiU have a tremendous impact in 
screening the potency, specificity, toxicity, and efficacy of test compounds 
against a "tissue-Uke" ensemble leading to higher predictive relevance of the 
m-vitro hve ceU data. Deriving cells to be used as test beds for the compound 
candidates from pluripotent and/or totipotem stein cells is the ultimate vision 
tor creahng a stable and highly relevant in-vitto drug screening platform. Our 
approach to creating raicroarrays of an undetermined cell, followed by 
se ectively mduced controlled differentiation of the cells into organ specific 
cells IS a very umque approach for creating chips with multiple cell types We 
choose to use the genetic infonmation coded in undetermined cells to guide 
them into a chosen differentiated state in specific locations on the chips This 
approach to creating chips with multiple cell types is radically different from 
the existing state-of-the-art that utiUzes a combinatorial approach to localize 
up to two immortalized ceU types on a single substrate ^^^^ 
3) Automation of^s^y^ using new advanced optical designs capable of resolving 
subceUular fluorescence signals in conjunction with robust automated 
hardware and software for data capture and analysis. The automation is 
cntical to mcreasmg the speed of screening the growing chemical libraries 
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4) A bioinformatics database to convert the data obtained from the 

multiparameter live cell fluorescence based assays within cells into new 
deeper biological information and knowledge. The database is designed to 
capture the complex multidimensional interrelationships between 
biomolecules within cells by defining the temporal and spatial dynamics of 
intracellular molecular processes. 

Our integrated approach to obtaining high content information from an automated 
miniaturized live cell-based test bed and converting the data into information and 
knowledge by creation of a informatics database is projected in Figure 2 
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affect cellular function requires tools that provide teniporal and spatial 
information of target activity within, on, and between cells. High Content Screens 
can be used to measure the effects of drugs on the complex molecular machinery 
such as signal transduction pathways, as well as on cellular fiinctions like 
division, phagocytosis, endocytosis, exocytosis, locomotion, apoptosis. and cell- 
cell conununicafion. We believe that HCS used in conjunction with novel 
fluorescent reagents, some of which are engineered to be expressed within living 
cells, will enable the automated extraction of multiparameter information from 
single cells and cell populations. 

A significant component of HCS is the development of fluorescent protein 
biosensors designed to sense and report the intracellular spatio-temporal changes 
in target activity in response to a lead compound. Proteins have responded to 
evolutionary challenges to evolve into mediators and orchestiators of intracellular 
chemical reactions. As such, tagging them with fluorescent reagents enables &eir 
ust as optical reporters of the dynamic distribution of specific reactions, kinetics 
of reactions, and post-translation modifications. The protein component of the 
biosensor serves as a highly evolved molecular-recognition moiety containing a 
fluorescent molecule attached in proximity to the active site of the protein acting 
to transduce the environmental changes into fluorescence signals for optical 
readout of target locah'zation and activity. We have covered the basic principles 
and some initial applications of these fluorescwit-protein biosensors in recent 
reviews.^^^'' New fluorescent protein biosensors are depicted in Figure 3 along 
with other fluorescent reagents for HCS. Classes of these fluorescent reagents 
include labeling reagents that measure the distribution and amount of molecules 
in living cells as well as environmental indicators to report signal transduction 
events in space and time. Our approach is a multiparameter one that combines 
several key reagents in single cells to yield multidimensional information on the 
modulation of cell function by drug candidates. Our developmental efforts in 
engineering cells to express fluorescent-protein biosensors, where the fluorescent 
component is an autofluorcscent derivative of the Green Fluorescent Protein 
(GFP), further strengthens HCS as the cells now express ttie biosensoi(s) of use. 
We propose here to develop a novel class of HCS reagents to measure lead- 
compound-induced dynamic redistribution and alteration of the activity of 
intracellular constituents. 



K. Giuliano et ai., "Fluorescent protein biosensors: Measurement of molecular dynamics m living cells," 
Annu. Rev. Biophys. Biomol. Smic:., Vol. 2*. 40S-434, 1995. 
2d - Giulano and Taylor (TIBTECH) 
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Figure 3. Fluorescent reagents for smart drug discovery. 




Figure 4. Novel high content screens to be developed are built on chimeras of key cellular proteins 
and green-blue-ycllow-fluorescent proteins (GFP / BFP / YFP). 

An example class of HCS involves the translocation of cytoplasmic ligand- 
receptor complexes, from the cytoplasm into the nucleus where transcriptioiial 
•activation occurs (Figure 5). 
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Figures. Measurementofdruginducediedistribulicinof intracellular molecules. Cusram wrinen 
automated software enables characterization of cytoplasm xo nuclear owslocation of rec^tor- 
iigand complexes. Ths HCS in conjunction with our automated system can also provide kinetic 
(temporal) infomiaiion of the intracellular redistribution of the relevant molecules. 

Otir novel proposal is to either transfcct the •undcteiTQincd. cells with plasmids 
encoding for the protein chimeras, or transfcct the differentiated organ specific 
cells with the plasmids. Transfecting each differentiated cell type with single or 
multiple plasmids encoding for protein chimeras wiU enable generation of celts 
that serve as their own reagents for high throughput and high content screens. 
This will enable generation of robust, knowledge based assays tibat are faster (no 
antibody staining steps) and more sensitive and specific (cross-reactivity of 
antibodies is no more an issue) than conventional cell-based fluorescence assays. 
We are the innovators of High Content Screening and are unaware of any others 
in the field who arc working towards providing cell based Hi^-Content Screens 
incorporating fluorescent protein biosensors. 

Miniaturization 

Miniaturization is one of the major driving forces iirvolved in improving 
productivity in early drug discovery Our market research indicates that 
miniatuiized cellular test beds with footprints the size of postage stamps will 
capture 50% of the microtiter plate market within 4 years. The advantages 
offered by miniaturization are: higher throughput, a combined HTS and HCS 



"High-Throughput Screening: Strategies and Suppliers" Report issued by HighTech Business Decisions, 
PO Box 6743. Moraga, CA 94570, June 3, 1998. 

■* B. Kapur et al., "CellChip™ System for Fluorescent Repotting of Toxins," GOMAC Proceedings, 
Monterey, CA, March 1999. 
R. Service, "Coming Soon: The Pocket DNA Sequencer", Science, Vol. 282, 400-401, 1998. 
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platform, reduced processing time, increased number of tests run in a massive 
parallel format on one substrate, and smaller reagent volumes translating to a 
dramatic reduction of cost and accclexation of productivity in candidate 
compound testing. For example, migrating assays from 96-well plate to 1536rwell 
plate versions has dropped the reagent cost by 100 fold. Migration from 1 S3 6 to 
microarrayed cells on chips will fiirthra' drop the cost and vplume of reagents. 
Further, the ability to develop chips with multiple cells (organ or tissue specific 
cells) micoarrayed in preferred and know addresses will enable the use of these 
'raicroscale organs' as powerful indicators and predictors of the in-vivo 
performance of the lead compoimd duough Hij^ Content Screening. Developing 
these multiple cell based test-beds on plastics such as polystyrene and 
poIy(ethylene teraphtbalale) further adds the flexibility of using cheap disposable 
materials to reduce cost. We project that our miniaturized cell based combined 
HTS-HCS platform will march in parallel with other ininiatiuization technologies 
aimed to shrinking lab-top instruments into their hand-held miniaturized 
versions.*'' The combination of HTS and HCS on a single platform is depicted in 
Figure 6. This combined platform reduces the data capture, processing, and 
analysis time and provides a complete cell-based screening system. Developing 
technologies to enable arraying of multiple cells on the chip platform, with each 
cell carrying its own reagents in the form of oiir novel fluorescent protein 
biosensors, adds an n* dimensional power to a complete drug screening platforra. 
Furthermore, any reagent and assay technology developments made on today's 
platform will migrate directly to the next generation miniaturized platform. 



* Sid Marshall, "Fundflmental Changes Ahead for Lab Instrumentation," R&D Magazine, Vol. 41 (2), 
Febniaiy 1999. 

^ C. Wii, "The Incredible Shrinking Lah", Sciente News. 1 998. 
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Figure 6. Combining HTS and HCS on the same platfonn. The massive parallelizi^tioo adiievable 
with ininiaturizab'on is shown in a simple simulatioa on this chip. The HTS is simulated heie to 
detect "hits" on the miniaturized chip platform. Lack of fluorescence signals in wells H6. C9, 
CI2. and 012, for example, indicate "non-hits". HCS measurements are then made only on the 
"hit" wells to gala more in-depth infonnation to produce more "highly qualified hits". Ftirtber 
d^th end breadth of information can be obtained by arraying multiple organ specific cells on a 
single chip and fhiidically addressing each domain wids a reagent of choice. 



Auiomation 

Automation is as vital a step in improving productivity of the drug discovery 
process as it was in increasing the thnnighpm of genomic DNA sequencing. In 
keeping with our philosophy of increasing "speed and deep functional 
knowledge" to increase the productivity of primary and secondary screening of 
candidate compounds, we have focused our efforts in building an automated 
platform that supports multicolor fluorescence assays with up to four chaimels of 
fluorescence thus permitting mxiltiparametric assays. The ArrayScan^ System is 
a fully automated platform for high-content screeixs performed in microtiter 
plates^'^ and at least two pharmaceutical companies have included our 
technologies into recent publications. The instrument automatically scans 
microtiter plates and acquires multicolor fluorescence images of defined fields of 
cells at a predetermined sub-cellular resolution. The system contains robotic 
hardware for multiple microtiter plate handling, fluorescence excitation and 
emission optics, solid-state cameras, a dedicated processor, on-board algorithms 
for fluorescence image feature extraction, and database managemerit capabilities 
(Figure 7). Additionally, there is an option to adapt a modular cnviromnental- 
chamber with controlled temperature, humidity, and gas to enable kinetic 
analysis. Our automated platform captures 4 fields of view from each well, while 
analyzing the data in parallel, and completes the data capture and analysis of a 96 
well plate in 25 minutes. 




G. Ding et al., "Characterization and Quantitation of NF-kB Nuclear Translocation Induced by IL- 1 and 
TNF-a," The Joumal of Biological Chemisay. Vol. 273 (44>. 28897-28905. 1998. 
' B. Conway et al.. "Quantification of G-Protem Coupled Receptor Intemalizatien Using G-Protein 
Coi5)led Receptor-GFP Conjugates with the ArrayScan™ High-Contcnt Screening System," Vol. 4 (2), 73- 
84, in press. 
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Figure?. The ArrayScan™ System. An automated platfom produced by Celloinics'^, Inc. 
for HCS using miciotiter plates. 

Bioinformatics 

A database to coavKt the data obtained from the multipaiameter live cell 
■fluorescence based assays varying in space and time within cells into infonnation 
and knowledge. The database is designed to capture the complex 
multidimensional interrelationships between biomolecules witliin cells by 
defining the temporal and spatial dynamics of intracellular molecular processes. 



Productivity in the early drug discovery process in the post-genomic era is 
primarily limited by a lack of several components including appropriate assays, 
miniaturization, robust automation, and innovative hardware and software.'* Our 
philosophy is to increase speed Tjy robust automation and miniaturization, and to 
create taaowledge by coupling high-content screens of lead corapoimds with a 
unique bioinformatics database. 

We have developed several HCS reagents based on GFP and its mutants and have 
produced stable cells as reagents in a variety of immortalized mammalian cells of 
a single phenotype. Controlling the expression level of the chimera witiiin the 
cells is the sin^e most determining &ctor in moving from transient unstable 
clones to stable clones. Our attempts to transfect undetermined cells or their 
progeny will have more complex challenges. We will work to transfect the 
undetermined cells without inducing uncontrolled de-differentiation. 
Alternatively, we will transfect the progeny of the cells after their controlled 
differentiation on the chip. 



Our innovative approach to patterning an undetermuied cell type followed by 
selectively differentiating it into desired progeny on select regions of the substrate 
resulting in a chip with multiple cell types arranged in a pre-detertoined manner, 
requires 1) preventing uncontrolled differentiation of the undetermined stem cells 
post adhesion to Oie cytophilic regions, 2) selective addressing of the cytophilic 
regions with differentiating agents to enable controlled differentiation into fte 
progeny of choice, and 3) transition of the technology from glass to commercially 
viable plastic substrates such as polystyrene. We believe that our approach to 
using model surfeces built on self assembled monolayers of thiols or silanes 
coupled to cell adhesive ligands will enable us to create cytophilic islands that 
enable adhesion of the undetemiined cells while preventing their uncontrolled 
differentiation. Alternatively, we will cover the cytophilic islands vrftih a feeder 

D, Keli, "Screensavers: Trends in High-Throughput Analysis," in Trends in Biotechnology, Vol. 17 (3), 
89-91,1999. 
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layer of fibroblasts incapable of mitosis. Tljese feeder layers of fibroblasts have 
ceS ntu^?"^^ *r"^^ differentiation'of undetS^iS' " 

Sir;, of ' l""' Of automated precision instniments with a high 

^^Sn^? ^^"^^r^^"^'"^ ^ to spot specific 

cytoplulic regions with a differentiating agent of choice. TliesVmkrospotters are 
currency bcmg emp oyed by the industry to automate the spo^^flsTilu 
mj^ohter format. Alternatively, we will engineer more so^ticSed closlwed 
mi^ofluidic cassettes that when interred with the chip ,4 enable coSSn 
offluidsofchoice to specific locations on the chip. "^^^e conaucnon 

Zl^^w °f ?f«*«^g stable cytoohih-c islands on glass by using 

SSl^ f or s lane monolayers^ Wc are transitioning tMs 

? P-rtcular polystyrene. We have to be abH suice 

modify the plastic without compromising its optical properties. Most su^c 
modification processes for glass and silicon wTfers St^er^^to^i^^^^ 
for 1^1 ^ "^'^ Additionally, thiols arc imsSbl. 

hLTT^^u"" ^ v'''" '^"'1"*"'* ^ '^"'"^g^ fo; fomiing a coor^nation 

Sor/ 1 / "i'^''- ^°"8h amenable to coating on plastics ro^^e a 

K -!r.? P^^^^^^'^ silico^ to fo^ a coS 

?t d'^tr? f ' '"'^'r''"- ^'^'^^^^"^ly. *e use of har^h solvSits hJ^o'uene xSe 

*° ».andardmodil'cii<,ns of 

Technology Development 

We propose the following experimental paradigm (Figure 8): 

l^^w ^'^^^t^^^'^ ii^es. such as SNB19. C2C12, andNtera-12 
with chimeras such as NF-kB/GFP, MAP-4/EGFP, 

21' "a^?n*^l' S^^""'? "'^^"'nnined cells as single or mixed cultures on the 
f^n^Tt ^^P^ Rin - 500 Mm diameter circular cytophilic 

islands separated by edge-to-edge spacing ranging fiom 25 um - 125 am 
overall footprint on the chip will match the fo^I aS^be a^O fnM iTii 

^6 Sfrows X 12 Si - a6 ;owsY^^4'o^^3X 

ana yo wen {H rows x 12 columns) microtiter-plates. 

Gl5f^r°*^?f ted patterned cells into single progeny fSNBlQ to 



' 7«liniqucs la Cell Biology" manual 
u n 7.*^* CenChip proceedings abstract in GOMAC 
R. Kapur et aL. "Cellular and Cytoskeletal Morphology ECR paper 



12 



1999 Cellomics™ Inc. 



Proprietary Infonnatioii Confidential 



homogeneously to the chip (for single progeny) or selectively to specific 
cytophilic islands (midtiple progeny). The co-culture of SNB19 and Ntera-2 and 
their differentiatioti into Glia and Neurons (the 2 dominant cell types in the brain) 
will enable tfie foimation of chips with cytophilic islands that bear both glia and 
neurons in juxstaposition. 

4) DetanninB the ability of &e chips to serve as functional platforms for High- 
TTiroughput and High-Content Scxeeniiig of drags. 



These studies will culminate with tiie coupliag of Embryonic Stem (ES) cell 
technology to chips containing living organotypic tissues for drug discovery. In 
short, we propose to use simple to moderately complex models of cellular 
differentiation to provide a fiamework for the parallel development of fluorescent 
protein biosensors, and the organotypic cell chips for this next-generation drug 
discovery platform. 

"We will also develop several models of cellular differentiation as well as 
the parallel creation of fluorescent protein biosensors for use on our new drug 
discovery platform. In one model system, neuronal and glial precursor cells will 
be engineered to express fluorescent protein biosensors to measure the dynamics 
of their cytoskeletal proteins. The cytoskeleton has become a well-characterized 
and valid drug discovery target for which there are likely to be many lead 
compounds in the discovery pipeline at any one time. £ach of the cell lines will 
express spectrally distinct biosensors such that they can be patterned into separate 
locations within a raicroarray as well as be patterned together, or cocultured, 
within the same location. The latter aspect is particularly exciting because we 
will be able, for the first time, to measure the simiiltaneous drug response of the 
two cell types in an organotypic context where the cells are allowed to interact as 
they would within the brain tissue of a liviag animal. Because the biosensors 
contained within each cell type will be spectrally disthict, the platform we 
develop will be able to detect and assign function to each cell type within the 
coculture. 

In a second model system, a pluripotent cell line, mouse C2C12 cells, will 
be engineered with a fluorescent protein biosensor, pattercned into microairays, 
and differentiated into two cell types, skeletal muscle myocytes and adipocytes. 
In this case, the precursor cells will be engineered to express a fluorescent protein 
biosensor of carbohydrate metabolic flux that will be measured in both time and 
space within each cell. For muscle and adipose cells, carbohydrate metabolism 
plays an important role in regulating the physiological function of each cell type; 
contraction and relaxation of the muscle cells and fat storage and mobilization in 
adipocytes cells. Therefore, this model system will become a platform on which 
to measure the effect of lead compounds on the same molecular pathway within 
two tissue types. Moreover, tfie multiple tissue type screening platform proposed 
here permits the pharmaceutical industry to efficiently address several 
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fundamental tenets of the drug discovery process, the precise measurement of lead 
compoimd efficacy, specificity, and toxicology. 

Finally, a third, more complex model system will be constructed from 
components of the first two models. We propose to co-culture neuronal and 
skeletal muscle precursor cells with both types being engineered to express 
spectrally distinct fluorescent protein biosensors. The cells will be patterned and 
difiEerentiated on a chip. The effect of lead conqjounds on the complex interaction 
of neurons and skeletal muscle cells will be measured using the fluorescent 
protein biosensors engineered into each cell type. If the proper conditions for 
making the chip with these two distinct engineered sensor cells are found and 
exploited, we predict that the co-culture of differentiated neuronal aiid muscle 
cells will become a system in which we will be able to measure directly 
excitation-contraction coupling events and the effects that lead compounds have 
on these events. This approach, when generalized to interactions between ottier 
tissue types and interactions between multiple cell types within an organ -will 
bring lead optimization to a level of sophistication unheard of in the 
pharmaceutical industry. 

Organotypic Differentiation Model Systems 

Glial differentiation. Cells taken from a highly aggressive human 
glioblastoma tumor have been shown to grow indefinitely in culture and to exhibit 
altered morphological and growth characteristics in the presence of a 
differentiation agent. These cells, named SNB-19 (Welch, ct al., 1995), will be 
engineered to express a fluorescent protein biosensor (see below) and patterned, 
onto chips either by themselves or in combination with neuronal precursor cells 
(see below). To induce differentiation, a mixture of dibutyryl-cAMP and 
isobutylmcthyl xanthine (a phosphodiesterase inhibitor) will be added to the 
culture and the cells allowed to incubate for 12-24 h. These agents induce the 
cells to elaborate multiple processes that often interact with other glia in the same 
culture (Welch, et al,, 1995) as well as cause the cells to stop dividing- 

Neuronal differentiation. Several neuronal precursor cell lines exist that 
could possibly be tested in the new drug discovery platfonn we are developing. 
We will first test a well-characterized model system, NT2 cells from a human 
teratocarcinoma cell line (Pleasure, et al., 1992). These cells are unique in that 
they can be induced to differentiate into stable, post-mitotic human neurons and 
they have already been shown to be a vehicle for the expression of diverse gene 
products (Pleasure, ct al., 1992), As with the glial cell precursors, we propose to 
engineer ^e precursor NT2 cells to express a fluorescent protein biosensor (see 
below), pattern them onto chips either by tihienaselves or in a co-culture with 
precursor SNB-19 cells, and induce them to differentiate on the chip. Briefly, the 
precursor NT2 cells expressing the biosensor will initially enter a program of 
differentiation that begins with a two week treatment of retinoic acid, mitotic 
inhibitors, and a specialized extracellular matrix. The partially differentiated cells 
will be transferred to the chips where they wiU undergo the final stages of 
differentiation by elaborating processes that form axons and dendrites. The cells 
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will become post-mitotic but vnH retain the ability to express functional proteins 
such as the endogenous fluorescent protein biosensor. 

glial-neuronal differentiation. NT2 precursor cells in the final stages of 
diJer«itiation will be added along with both SNB-19 cells to the same chip. 
After both cell types attach, the co-culture will be treated with dibutyiyl-cAMP 
said isobutylmethyl xanthine. The two cell types will be allowed to interact as 
toey differentiate. Because the NT2 precursois are by this time committed to 
differentiation, we predict that the dibutyryl-cAMP added to the co-culture will 
have ime or no eflfect on neuronal ceU differentiation. It may even enhance 
neuronal cell differentiation because cAMP is generaUy fcaown to induce Hie 
ainarentiation of sevwal cell types. 

^-,01 and skeletal muscle tissue from a common precursor. The mouse 

C2C12 ceU line is plunpotent and has been shown to be capable of differentiatinE 
into skeletal muscle (Cucnda and Cohen, 1999), adipocytes (Teboul, et al. 1995) 
and osteoblasts (Nishimura, et al., 1998). The precursor C2C12 wiU first be 
engineered to express a fluorescent protein biosensor of carbohydrate metabolism 
(see below). The cells will be patterned onto chips where the growth medium wiU 
con^< 1% calf serum. This large decrease in serum concentiation (10% 
ongmally) induces the C2C 12 precursor cells, over a period of 24-48 h. to stop 
dividing, fuse mto multinucleated and elongated cells, and form contractile 
myohibes- To induce engineered C2C12 precursor cells to differentiate to 
achpocytes, the cells on chips will be treated with a mix of tihiazolidinedione and 
fatty acid (Teboul, et al, 1995). The differentiation occurs after 24^8 h and is 
accompanied by the slowing of cell growth and the uptake of fatty acids by the 
cells and their mcoiporation into cytoplasmic Upid droplets. 

Nerve and muscle tissue interacxion. In this model system we will take 
cellular components from the other two model systems and combine them into a 
model of tissue-tissue mteractioa The neuronal NT2 precursor cells wiU be 
combmed with the muscle C2C12 precursor ccUs to allow them to interact during 
differentiation much like tissues interact during normal development. Three 
scci^os will be tested: 1) NT2 and C2C12 precursors will be arrayed together on 
« 1-n w df «rentiate together; 2) NT2 precursors will be ar^yed on 
a chip and differentiated followed by the addition and differentiation of muscle 

n- ^''tl^ ^^^^^ precursors will be arrayed on a chip and 

differentiated foUowed by the addition and differentiation of neuronal NT2 

fn'Sf "^'^^^ ^'^} ^^^^ '^Pti^^l neuron-muscle 

mteraction data, judged morphologically, for future development. 

Fluoresc ent protein biosensors 

nnt.nfJ-t'Tfl ^ T ^^"^ ^'''^^^ °^ realized the 

potential of fluorescence based reagents and methodology as applied to answering 
fundamental ceU biological questions. Our most highlyTvolved approach tT^ 
measuring chenucaj and molecular events in time and space within living ceUs 
mvolyes the design and constniction of fluorescent profein biosensorBe'Se 
Sv?n^ "^^T ^^"'y.^^^ '^"^-l within the living cell, we have Sen 
advantage of Je exquisite specificily, in terms of activity and intraceUular 
locahzation. that protems exhibit in performing their life sustaining functions In 
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S-ShTc^"^/"!^^? ^'^^^^ sensitivity of fluorescence detection 
T^^. T.^"7 of protems to pz^duce biosensors that report both protek 
dynamic distnbubon and activity within Uving ceUs. We have pubUshed reviews 

r°'°*^J'^^°'' W«P^P°selieretoprodncelhreeaoveI 
fluorescent protem biosensoi. fox use in the new dmg discovery platfo^ 

^ocv ^^"'T !^^°'^^^^»-^^^-^tubulm chimera. The microtubule 

Sfn^f^"^^^^!?^''^ We propose to d^^a 

fluorescent protein biosensor, which cells will produce Semselves to me«nr« th. 
dynamic assembly state of microtubules in livi^ cells ^5^e Tt to Spo^JS^^ 

^e^DNA ' ^ ^"'^"'^^ ^ lead compounds F^S Tv^l aTcS 

the cDNA encodmg P-tubuIin. one of the component proteins of the microm^ir 
T^t lZpt^V' 'V '""^^ for a blue'fluorS^St p^^^vSS 

fnl ^ »*^Wy expressed in the NT^ prec^ 

'^""^ a biosensor of iS^oKT 

SSn hi^c Pi?*^'=^ ^^We NT2 precursor cells expressing the BFpl 

tubulm biosensor, differentiate them to neurons, and treat tibtem with djcuL Imown 
to afJect the microtubule cytoskeleton. Using tile temporal^ rpatiS^SS 
^TrntuTf^e ^°^f computerTgorithms Z^.^r^ "^'^ 

cytoskc ctal protein found in glial precursor cells and difiSentiatedS^ -Hje 
&e sSe X' dy^^V" of the intermediate filamekt cytoskeleton f^cn) and 

metaboSm H^ftSir^'°f T^^-^'f -P^^^/'^^'O'/^"-''" J^«^^r. Intennediaiy 
UnST ^5 ♦ ^""^ °^ "^y^^^ molecular processes within living cells 

nf^tr m boa, these ceU ^ is tighfly coupled ^fKciU filSoa. 
jole m batoofas c=U»Ux energy utiWES^gf^^'is S^^^ of 
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Patternin<y of ^pIU ^n j reagent dPiivAry 

fhJnl K Of glass substrates with cytophilic islands We wiU exoloit 
thiol based chenusfries to fabricate chips on rfass substrates Ac Vt,!- ^1: ^ " 

regions ftraadec^rS?!i-i ■? ° " ^ P'P"''' «» 1" Mophobic 
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surfece hydroxyl groups which will react wilh the organosiles to produce covalcnt 
Si-O-substrates (siloxane) linkages. Post ojcidation, a micropatterned stencil (such 
as an SEM grid or micropatterned poly(dimethyl) siloxane) will be coupled onto 
the polystyrene surface. A liquid hydrophobic silane, such as but not limited to, 
dichlorodimethylsilane or OTS with a relatively high vapor pressure will be v^or 
deposited onto the surfiice of ttie masked polystyrene for 15 minutes to create 
hydrophobic islands of silanes. Post vapor deposition of the hydrophobic silane 
through the open regions of the stencil, the remaining uncovered regions on the 
oxidized polystyrene substrates will bo modified with a hydrophilic silane 
(polyethylene glycol-silane) of varying molecular weight (1200 - 5000 MW 
range); the specific MW of the PEG-silane will be dictated by the hydrophobic 
silane in use. The hydrophobic islands of silanes surrotmded by the hydrophilic 
'sea' of PEG-silane will be primed with cell adhesive extracellular matrix protein 
(fibronectin, laminin, or collagen) at - 25 ^g/ml or the cell adhesive tri-peptide 
RGp at similar concentration. The protein or peptide will bind to the hydophobic 
regions (hexadecane silane) while resisting adsorption onto the hydrophilic 
regions ^EG-silane). This in turn will convert the hydrophobic regions into 
'cytophilic' regions that are conducive for binding cells. 

Cell Seeding and Differentiation on Chips. We will use identical methods 
for seeding and differentiating cells on the polystyrene and glass chips. The 
transfected cells will be seeded onto the chips in appropriate medium and 
incubated for 2 hours, followed by a gentle rinse to remove non-adherent cells 
setded on the PEG-thiol regions. The cells will be refi^shed with medium and 
incubated ovemighL The seeding density will be optimized to enable maximal 
coverage of the c^philic islands with cells. Chips bearing SNB-19, NT2, and 
co-cultures of the two cell types will be homogeneously treated with the 
differentiating agent(s) by applying the solution homogeneously to every region 
of the chips. For the special case of chips bearing C2C12 cells and requiring 
diflferentiation of cells in selective regions of die chip into either myocytes or 
adipocytes, we will use a programmable multispotter (Hamilton) custom fitted 
with a head that matches the volume dispension required for our purpose (50 nl). 
We will treat each chip either homogeneously with one drug compound (the 
multiple arrays will be treated as replicates), or microspot several conrpounds in 
defined regions on the chip to enable multiple compound testing on a single chip 
that bears either single or multiple cell types. In parallel, outside of this proposal, 
we will be forming an alliance with a major microfluidics company to develop a 
high density microfluidic cassette that will enable addressing each cytophilic 
island with a reagent of choice. 
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